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When submitting your revised manuscript, you must respond to the comments made by the referees and upload a file "Response to Referees" in "Section 6 -File Upload". Please use this to document how you have responded to the comments, and the adjustments you have made. In order to expedite the processing of the revised manuscript, please be as specific as possible in your response. ********************************************** RSC Associate Editor: Comments to the Author: (There are no comments.) RSC Scientific Editor: Comments to the Author: (There are no comments.) ********************************************** Reviewers' Comments to Author: Reviewer: 1 Comments to the Author(s) In this manuscript, authors reported a modeling study of lithium cell by coupling electric field, flow field and concentration distribution together. They developed a 'multiphase model' using COMSOL software package and conducted optimization calculation to study the lithium and chlorine bubble production. Overall, this is an interesting work, but there are still many places that might need to be further improved and clarified: 1. Since 'lithium electrolysis process' was considered in the model, it is not clear what electrochemical reactions and how they were applied on the electrolyte and electrodes interface in their model. 2. In the '3.2.1 electric field' section, what kind boundary conditions were applied on two electrode surface? and How to couple them with the given equation-5? Besides, it might be not appropriate to use 'equation-5' for both solid electrode and liquid electrolyte since the physical meaning of 'sigma' in them will be different. 3. In section '3.2.2velocity field', parameters including subscripts in given equations should be well explained (e.g. eq-6,8,9,10,11) , otherwise, it is very difficult for readers to understand their meanings.
4. In section '3.2.3', 'Ri is equal to the electrolysis reaction generation rate when on the electrodes…', Question is what electrolysis reaction generation rate was used on the electrode surface? 5. In figure 2, it is very confusing which part is electrode, and which part stands for electrolyte, can authors clarify and mark them on the figure? 6. In their Table 3 , it is not clear how 'electrochemical reactions' were applied as boundary conditions in the 'Concentration field'. 7. In addition, there are a few typos and grammar mistakes that need to be removed.
Reviewer: 2
Comments to the Author(s) This paper studies the electrolysis efficiency of lithium cell based on electro-chemical and multiphase model. The authors analyzed a series of energy features of the as-studied system. This is an interesting study, which well-suits for the journal. The results are of good novelty and significance. The manuscript is well-prepared. Before it is acceptable, I have several concerns that should be carefully addressed by the authors. Therefore, I recommend that this nice piece of work is acceptable for Royal Society Open Science after a minor revision. Details of my comments are shown as follows. 1. In the introduction the authors may refer to the aluminum reduction cell. 2. The structure of the model was shown before the structured mesh in Figures 2 may be clearer for this article. 3. Line 127, the "starting conditions" is "initial conditions". 4. There are several typos in this manuscript. Please double-check the paper. 5. The author should edit formula alignment and make them more beautiful, such equation 1-5, and 23-24.
Author's Response to Decision Letter for (RSOS-191124.R0)
See Appendix A.
RSOS-191124.R1 (Revision)
Review form: Reviewer 1
Is the manuscript scientifically sound in its present form? Yes

Are the interpretations and conclusions justified by the results? Yes
Is the language acceptable? Yes
Do you have any ethical concerns with this paper? No
Have you any concerns about statistical analyses in this paper? Yes
Recommendation? Accept as is
Comments to the Author(s)
Authors have addressed my concern adequately, and made necessary changes accordingly. I think this version can be considered for publication 
Reply:
The reviewer's advice is very valuable for our paper. The authors modified the section of introduction and the boundary conditions in the revised MS.
Action Taken:
In the section of introduction, For the second method, metallic lithium is typically produced by the electrolysis of LiCl, while the raw material resuls from the ore or brine. The molten salt LiCl-KCl (42:58 in mass ratio) with a low eutectic point of 625.15 K has been adapted for electrolysis. These phenomena at each electrode are running according to the following electrochemical reactions:
Cathode: be not appropriate to use 'equation-5' for both solid electrode and liquid electrolyte since the physical meaning of 'sigma' in them will be different.
Reply:
The reviewer's advice is correct and very helpful for the article. The 'sigma' in the electrode and electrolyte is different. However, in these model, the 'sigma' only apply in the electrolyte. The boundary conditions of electric field were applied on the two electrode surface where contact with the electrolyte. The amendment is shown in the Action Taken part.
Action Taken:
In the section of boundary conditions
The starting conditions for the electrolysis cell are listed in Table 2 . The boundary conditions used in this model are listed in Table 3 . 
Comment 3
In section '3.2.2velocity field', parameters including subscripts in given equations should be well explained (e.g. eq-6,8,9,10,11), otherwise, it is very difficult for readers to understand their meanings.
Reply:
Thanks very much for the reviewer's advice. The authors revised the manuscript again and modified the section of 3.2.2 in the revised manuscript as shown in the Action Taken part.
Action Taken:
In the 3. 
Comment 4
In section '3.2.3', 'Ri is equal to the electrolysis reaction generation rate when on the electrodes…', Question is what electrolysis reaction generation rate was used on the electrode surface?
Reply:
The reviewer's advice is very valuable for our paper. The description in the original article is wrong. Ri was set to zero in the mathematical model. The authors modified in the revised MS in the Action Taken.
Action Taken:
In the section of 2.2.3, where R i means the homogeneous reaction rate of species i in the electrolyte. In the cell, R i is equal to the electrolysis reaction generation rate when on the electrodes and equals zero.
Comment 5
In figure 2, it is very confusing which part is electrode, and which part stands for electrolyte, can authors clarify and mark them on the figure?
Reply:
The reviewer's advice is very valuable for our paper. The authors modified the Figure 2 in the revised MS in the Action Taken.
Action Taken: 
Comment 6
In their Table 3 , it is not clear how 'electrochemical reactions' were applied as boundary conditions in the 'Concentration field'.
Reply:
The reviewer's advice is very valuable for our paper. The authors modified the Table 3 in the revised MS in the Action Taken. 
Action Taken:
Comment 7
In addition, there are a few typos and grammar mistakes that need to be removed.
Reply:
Thank you very much for the careful check of the article. The authors have checked the whole manuscript carefully and the typos are revised in the manuscript as shown in Action
Taken.
Finally, we appreciate very much for your time in editing our manuscript and the referees for their valuable suggestions and comments. I am looking forward to hearing your final decision when it is made.
Reviewer 2 Comment 1
In the introduction the authors may refer to the aluminum reduction cell.
Reply:
Thank you very much for the comment. And the comment is crucial for achieving satisfying result.
Action Taken:
In the introduction section,
In 
Comment 2
The structure of the model was shown before the structured mesh in Figures 2 may be clearer for this article.
Reply:
Thank you very much for the comment and the comment is crucial for improving our paper. The authors modified the Figure 2 with adding the structure of the physical model in the revised MS in the Action Taken.
Action Taken:
Fig. 2. Structured and Mesh of the model
Comment 3
Line 127, the "starting conditions" is "initial conditions".
Reply:
Thank you for pointing out the problem.
Action Taken:
In section of 3.3, the title was modified as "Initial and Boundary Conditions". The table was modified as " Table 2 . Initial condition in the model"
Comment 4
There are several typos in this manuscript. Please double-check the paper.
Reply:
Comment 5
The author should edit formula alignment and make them more beautiful, such equation 1-5, and 23-24.
Reply:
Thank you for the comment.
Action Taken:
In page 3,
In this instance, the electric field could be described by the Ohm's law, continuity law and the Gauss's law as below:
(1) = σ The electric reaction relating to current on the electrode surface is as follows:
